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PSP 3a4auu~AuperTiEd To RS- R——

fBHbIe 3agaum (explicit tasks) 3agaroTca npu nomMoLmM AUPEKTUBDI:
#pragma omp task [knay3al[,] knaysa] ...]

CTPYKTYPHbIN OFIOK

rae Knaysa ogHa u3 :

if (scalar-expression)

O final(scalar-expression) //OpenMP 3.1
U untied

0 mergeable //OpenMP 3.1
O shared (list)

O private (list)
|
|
H
B

U

firstprivate (list)
default (shared | none )
depend (dependence-type: list) //OpenMP 4.0

pe3ynkTaTte BbiNONIHEHUA AUpPeKTUBLI task cosgaeTca HoBas 3agada, KoTopas
COCTOUT U3 ONepaTopoB CTPYKTYPHOro 6510Ka; BCe UCnosib3yemMbie B
onepartopax nepemMeHHble MOryT ObITb JIOKaniM3oBaHbl BHYTPU 3aaum npum
NOMOLLM COOTBETCTBYHOLMNX Knay3. Co3naHHaa 3agada OyaeTt BbINOSIHEHa
OO4HOW HUTbLIO U3 rPpynnbl.

12 oxTsa6ps
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----------
=

lonaTue 3apaun.-AupektuBa task™ v s

— M

#pragma omp for schedule(dynamic)
for (i=0; i<n; i++) {
func(i);

}

#pragma omp single
{
for (i=0; i<n; i++) {
#pragma omp task firstprivate(i)
func(i);
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~— typedef struct node node;
struct node {

int data;
node * next;
¥
void increment_list_items(node * head)
{
#pragma omp parallel
{
#pragma omp single
{
node * p = head;
while (p) {
#pragma omp task
process(p);
p = p->next;
}
}
}
}
12 oxTsa6ps

Mocksa, 2023 Texnonorus napamiensHoro nporpamvuposanus OpenMP 200 u3 292




Ucnonb3osanue anpektusbl task. Knaysa if

— double *item;
int main() {
#pragma omp parallel shared (item)
{
#pragma omp single
{
int size;
scanf("%d",&size);
item = (double*)malloc(sizeof(double)*size);
for (int i=0; i<size; i++)
#pragma omp task if (size > 10)
process(item[i]);

}
}

Ecnu HaknagHble pacxoabl Ha OpraHu3aumio 3aga4y NPeBoOCXOAAT BpeMs,
HeobOxoaumoe Ans BbINOSIHEHUA OrioOKa onepaTropoB 3TOM 3a4a4vun, To 65nokK

orneparopoB OyaeT HeMeANeHHO BbINOSIHEH HUTbLIO, BbINOMHUBLLEN
anpekTusy task
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Ucnonb3oBaHue AnpeKTUBhI task

~#define LARGE_NUMBER 10000000
double item[LARGE_NUMBER];
extern void process(double);
int main() {

#pragma omp parallel shared (item)
{
#pragma omp single
{
for (int i=0; i<LARGE_NUMBER; i++)
#pragma omp task
process(item[i]);

}
}

Kak npaBuno, B KOMNMAATOpPaxX CyLeCcTBYIOT OrpaHM4YeHUs Ha KONIM4ecTBO
co3faBaeMbIix 3agad. BbinonHeHMe LUMKNa, B KOTOPOM CO34al0TCA 3a4aum,
OyaeT npMocTtaHoBrieHO. HUTb, BbiNonHsiBLIAs 3TOT UMKN, OyoeT
ucrnonb3oBaHa AnNA BbINONMHEHUA oA4HOW U3 3agay

12 oxTsa6ps
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WUcnonb3oBaHue aupektusbl task. Knaysa untied

"'“""””#défine LARGE_NUMBER 10000000
double item[LARGE_NUMBER];
extern void process(double);

int main() {
#pragma omp parallel
{
#pragma omp single
{
#pragma omp task untied
{
for (int i=0; i<LARGE_NUMBER; i++)
#pragma omp task
process(item[i]);
}
}
}
}

Knaysa untied - BbiInonnHeHue 3aaaym nocrie NPUOCTAaHOBKU MOXET ObITb
NPOAOMKEHO NTIOGOW HUTBLIO FPyNMbI

12 oxTsa6ps
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Ucnonb3oBaHue 3aaa , exmgﬁgmtaskwait —

~— #pragma omp taskwait

int fibonacci(int n) {
inti, j;
if (N<2)
return n;
else {
#pragma omp task shared(i)
i=fibonacci (n-1);
#pragma omp task shared(j)
j=fibonacci (n-2);
#pragma omp taskwait
return i+j;
}
}

12 oxTsa6ps

int main () {
int res;
#pragma omp parallel
{
#pragma omp single
{
int n;
scanf("%d",&n);
#pragma omp task shared(res)
res = fibonacci(n);
}
}

printf ("Finonacci number = %d\n", res);

}
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~—int fib (int n, int d) {
int x, y;
if (n <2) return 1;
#pragma omp task final (d > LIMIT) mergeable
x= fib(n-1,d +1);
#pragma omp task final (d > LIMIT) mergeable
y= fib(n-2,d+1);
#pragma omp taskwait
return x +vy;

}

int omp_in_final (void);

12 oxTsa6ps
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3aBu

o’

el

Knay3a depend(dependence-type : list)
20e dependence-type:

Uin

Uout

Uinout

inti, y, a[100];
#pragma omp task depend(out : a)

} for (i=0;i<100; i++) a[i] =i + 1;
#pragma omp task depend(in : a[0:50]) depend(out : y)
y=0;

} for (i=0;i<50; i++) y += a[i];

#pragma omp task depend(in : y) {
printf(“%d\n”, y);

12 oxTsa6ps
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3aBUCMOCTU MeKAY 3aaadamn (OpenMiP 4.0)

void matmul_depend (int N, int BS, float A[N][N], float B[N][N], float C[N][N] )
{
int i, j, k, ii, jj, kk;
for (i=0; i < N; i+=BS) {
for (j =0; j < N; j+=BS) {
for (k = 0; k < N; k+=BS) {

#pragma omp task private(ii, jj, kk) firstprivate(i, j, k) \
depend ( in: A[i:BS][k:BS], B[k:BS][j:BS] ) \
depend ( inout: C[i:BS][j:BS] )

for (ii = i; ii < i+BS; ii++)
for (jj =J; jj < j*+BS; jj++)
for (kk = k; kk < k+BS; kk++)
CTii][jjl = C[ii]0j] + Aliil[kk] * B[kk]jjl;
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Npuo

~ void compute_array (float *“node, int M);

void compute_matrix (float *array, int N, int M)
{
int i;
#pragma omp parallel private(i)
#pragma omp single
{
for (i=0;i<N; i++) {
#pragma omp task priority(i)
compute_array(&array[i*M], M);

12 oxTsa6ps
Mocksa, 2023 Texnonorus napamiensHoro nporpamvuposanus OpenMP 209 us 292




Task Affinity (OpenMP-5.0) =

" double * alloc_init_B(double *A, int N):
void compute_on_B(double *B, int N);

void task_affinity(double *A, int N)

{
double * B;
#pragma omp task depend(out:B) shared(B) affinity(A[0:N])
{
B = alloc_init_B(A,N);
}
#pragma omp task depend( in:B) shared(B) affinity(A[0:N])
{
compute_on_B(B,N);
}
#pragma omp taskwait
}
12 oxTsa6ps
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ﬂ,upexmsa taskloop (OpenMP 4.5) "=

#pragma omp taskloop [clause][[,]Jclause]...]
Structured-block

20e clause — o0Ha u3:

12 oxTsa6ps

Mockga, 2023

if([ taskloop :]scalar-expr)
shared(list)
private(list)
firstprivate(list)
lastprivate(list)
default(shared | none)
grainsize(grain-size)
num_tasks(num-tasks)
collapse(n)
final(scalar-expr)
priority(priority-value)
untied

mergeable

nogroup

Texnonorus napamiensHoro nporpamvuposanus OpenMP
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AnpekTiea taskloop (OpenMP AB)

for (i = 0; i<SIZE; i++) {
A[i]=A[i]*B[i]*S;
}

for (i = 0; i<SIZE; i+=TS) {
UB = SIZE < (i+TS) ? SIZE : i+TS:
for (ii=i; ii<UB: ii++) {
Alii]=Al[ii]*B[ii]*S;
}
}

for (i = 0; i<SIZE; i+=TS) {
UB = SIZE < (i+TS) ? SIZE : i+TS;
#pragma omp task private(ii) \

firstprivate(i,UB) shared(S,A,B)
for (ii=i; ii<UB; ii++) {
Alii]=A[ii]*BIii]*S;

}

}
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ﬂ.u peKTiBa taskloop-(OpenMP 4.5) = f/

#pragma omp taskloop gra|n3|ze(TS)
for (i = 0; i<SIZE; i++) { for (i = 0; i<SIZE; i+=1) {
: AlII=ALT*B[I]*S; A[i]=A[i]*B[i]*S;
}

for (i = 0; i<SIZE; i+=TS) {
UB = SIZE < (i+TS) ? SIZE : i+TS:
for (ii=i; ii<UB: ii++) {
Alii]=Al[ii]*B[ii]*S;
}
}

for (i = 0; i<SIZE; i+=TS) {
UB = SIZE < (i+TS) ? SIZE : i+TS;
#pragma omp task private(ii) \

firstprivate(i,UB) shared(S,A,B)
for (ii=i; ii<UB; ii++) {
Alii]=A[ii]*BIii]*S;

}

}
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Cope pXaHue e

O TeHaeHUUN pa3BUTUA COBPEMEHHbBIX BbIYMUCINUTENBHbBIX CUCTEM
d OpenMP — mogenb napannenuama no ynpasneHuto

O KoHcTpyKkumn pacnpenenenmnsa pabdboTol

U KoHCTpyKUunn ans CUHXpoOHM3auUnun HUTeun

d Cuctema nogaepxku BbinoniHeHna OpenMP-nporpamm

1 HoBsble Bo3moxxHocTn OpenMP

12 oxTsa6ps
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4 Oupektnea master

4 OupekTtunea critical

d Oupektnea atomic

L Cemadopbl

d OupekTtnea barrier

 OupekTtnea taskyield

d Oupektnea taskwait

O OupektuBa taskgroup // OpenMP 4.0
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OupextMBamaster 0w —

'""#B}agma omp master
CMpPYKmMypHbIl 6510k

/*CmpykmypHbIlU 6510k 6ydem ebinosiHeH MASTER-Humbro e2pynnebl. 1o
3aeepuweHuUU 8bINnoJsIHeHUs1 cmpykmypHo20 6s10ka 6apbepHasi CUHXPOHU3ayus
Humeu He ebinosiHsemcs*/

#include <stdio.h>
void init(float *a, float *b ) {
#pragma omp master
scanf("%f %f", a, b);
#pragma omp barrier
}
int main () {
float x,y;
#pragma omp parallel
{
init (&x,&y);
parallel_work (x,y);

}

} 12 oxrsa6ps
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BbluncneHue yucaa-n-Ha- OpenMP c ucnos b3OBa__!1l;1y_e;t\//

MMMMMMM KPWTUYECKOM CeKLMM

#include <omp.h>

int main ()

{
int n =100000, i;
double pi, h, sum, x;
h =1.0/(double) n;

sum = 0.0;
#pragma omp parallel default (none) private (i,x) shared (n,h,sum)
{

double local_sum = 0.0;
#pragma omp for nowait
for(i=1;i<=n; i++){
x = h * ((double)i - 0.5);
local_sum += (4.0 / (1.0 + x*x));
}
#pragma omp critical
sum += local_sum;
}
pi = h * sum;
printf("pi is approximately %.16f”, pi);

return 0;
} 12 oxrsa6ps
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Ucno

o

int *next_from_queue(int type);
void work(int *val);

void critical_example()

{

#pragma omp parallel
{
int *ix_next, *iy_next;
#pragma omp critical (xaxis)
ix_next = next_from_queue(0);
work(ix_next);

#pragma omp critical (yaxis)
iy_next = next_from_queue(1);
work(iy_next);

}
}
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Avpektusa atomic——

'#'bragma omp atomic [ read | write | update | capture ] [seq_cst]
expression-stmt

#pragma omp atomic capture
structured-block

Ecnu yka3aHa knay3sa read:
V = X;

Ecnu yka3aHa knaysa write:
X = expr;

Ecnu ykasaHa knay3a update nnu knay3sbl HeT, TO expression-stmt:

X binop= expr:
P Pr; X — CKansipHaa nepemMeHHas, expr — BbipaxxeHue, B

X = x binop expr; KOTOPOM He NPUCYTCTBYeT NepeMeHHas X.
X++; binop - He neperpyxeHHbIN onepartop:
++X; +!*!-!I!&!A!|!<<!>>
X-=; binop=:

++ , ==

==X312 okrs6ps
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AupeKkTtuBa atomic——

e

Ecnu ykasaHa knay3a capture, To expression-stmt:

V = X++;
V = X--;

V = ++X;
V = -- X;

v = X binop= expr;
Ecnu ykasaHa knay3a capture, To structured-block:
{ v = x; x binop= expr;}
{v=x; x= xbinop expr;}
{v=x; x++;}
{v=x; ++x;}
{v=x; x--;}
{v=x; --x;}
{ x binop= expr; v = x;}
{ x = x binop expr; v =Xx;}
{ v = x; x binop= expr;}
{ x++; v =x;}
{++X;Vv=x)
{ x--; v =x;}
{ --X; V = x,} TexHonorus napasuensHoro nporpamvuposanst OPenMP 220 u3 292




BcTpoeHHble pyHKUMKU-ANA aTOMAPHOr0 40CTYNA K Nam ' B

type _sync _fetch_and_add (type *ptr, type value, ...)

type _sync_fetch_and_sub (type *ptr, type value, ...)

type sync _fetch_and_or (type *ptr, type value, ...)

type _sync_fetch_and_and (type *ptr, type value, ...)

type _sync_fetch_and_xor (type *ptr, type value, ...)

type _sync _fetch_and_nand (type *ptr, type value, ...)

type _sync_add_and_fetch (type *ptr, type value, ...)

type _sync_sub_and_fetch (type *ptr, type value, ...)

type sync_or_and_fetch (type *ptr, type value, ...)

type _sync_and_and_fetch (type *ptr, type value, ...)

type _sync_xor_and_fetch (type *ptr, type value, ...)

type __sync_nand_and_fetch (type *ptr, type value, ...)

bool _sync _bool compare_and_swap (type *ptr, type oldval type newval, ...)
type _sync_val compare_and_swap (type *ptr, type oldval type newval, ...)

http://gcc.gnu.org/onlinedocs/gcc-4.1.2/gcc/Atomic-Builtins.html
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BbluncneHue yucaa-n-Ha- OpenMP c ucnos b3OBa__!1l;1y_e;t\//

PEeKTUBbI atomic

int main ()

{
int n =100000, i;
double pi, h, sum, x;
h =1.0/(double) n;

sum = 0.0;
#pragma omp parallel default (none) private (i,x) shared (n,h,sum)
{

double local_sum = 0.0;
#pragma omp for nowait
for(i=1;i<=n; i++){
x = h * ((double)i - 0.5);
local_sum += (4.0 / (1.0 + x*x));
}
#pragma omp atomic
sum += local_sum;
}
pi = h * sum;
printf("pi is approximately %.16f”, pi);
return 0;

}

12 oxTsa6ps
Mocksa, 2023 Texnonorus napamiensHoro nporpamvuposanus OpenMP 222 u3 292




int atomic_read(const int *p)
{
int value;
I* Guarantee that the entire value of *p is read atomically. No part of
* *p can change during the read operation.
*
#pragma omp atomic read
value = *p;
return value;

}

void atomic_write(int *p, int value)
{
I* Guarantee that value is stored atomically into *p. No part of *p can change
* until after the entire write operation is completed.
*/
#pragma omp atomic write
*p = value;

}
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Wcnonb3osaHue AupeKTUBDLL atomic

o

int fetch_and_add(int *p)
{
[* Atomically read the value of *p and then increment it. The previous value is
* returned. */
int old;
#pragma omp atomic capture
{ old ="*p; (*p)*++; }
return old;

seq_cst - sequentially consistent atomic construct, the operation to have the same meaning

as a memory_order_seq_cst atomic operation in C++11/C11

#pragma omp atomic capture seq_cst // OpenMP 4.0
{--x; v = x;} /| capture final value of x in v and flush all variables

12 oxTsa6ps
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Cemagopbl .

| KoHuenuuto cemadopoB onucan [enkcrtpa (Dijkstra) B 1965

Cemadchop - HeoTpuuLaTenbHas Lenasa nepeMeHHasi, KoTopass MOXeT N3MEHATLCA U
NPOBepPATLCA TONLKO NOCPeAcTBOM ABYX (DYHKLUK:

P - hyHKUMA 3anpoca cemacpopa
P(s): [if (s == 0) <sabnokupoBaTb TeKywun npouecc>; else s = s-1;]

V - byHKUMA ocBoOOXAeHUA cemachopa
V(si):] [if (s == 0) <pa3bnokunpoBaTb OAUH N3 3a06NTOKUPOBAHHbLIX MPOLLECCOB>; S =
s+1;
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Cemadopbl 8 OpenMP—___ — S

CocTtosiHuAa cemacpopa:
Uuninitialized
Uunlocked

Ulocked

void omp_init_lock(omp_lock_t *lock); /* uninitialized to unlocked*/

void omp_destroy lock(omp_lock _t *lock); /* unlocked to uninitialized */
void omp_set_lock(omp_lock_t *lock); /*P(lock)*/

void omp_unset_lock(omp_lock_t *lock); I*V(lock)*/

int omp_test_lock(omp_lock _t *lock);

void omp_init_nest_lock(omp_nest_lock_t *lock);
void omp_destroy nest_lock(omp_nest _lock_t *lock);
void omp_set_nest_lock(omp_nest_lock_t *lock);
void omp_unset_nest_lock(omp_nest_lock_t *lock);
int omp_test_nest_lock(omp_nest_lock_t *lock);
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BbluncneHnume yncaa r-c-UCNob3oBaHnem cema_qggggsw-f-/

~_intma = ()

int n =100000, i; double pi, h, sum, x;
omp_lock_tick;
h =1.0/(double) n;
sum = 0.0;
omp_init_lock(&lck);
#pragma omp parallel default (none) private (i,x) shared (n,h,sum,lck)
{
double local_sum = 0.0;
#pragma omp for nowait
for(i=1;i<=n; i++){
x = h * ((double)i - 0.5);
local_sum += (4.0 / (1.0 + x*x));
}
omp_set_lock(&lck);
sum += local_sum;
omp_unset_lock(&lck);
}
pi = h * sum;
printf("pi is approximately %.16f", pi);
omp_destroy_lock(&lck);
return 0;

OKTSIOps
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#include <stdio.h>
#include <omp.h>
int main()
{
omp_lock_t Ick;
int id;
omp_init_lock(&lck);

#pragma omp parallel shared(lck) private(id)

{

id = omp_get_thread_num();

omp_set_lock(&lck);

void skip(int i) {}
void work(int i) {}

printf("My thread id is %d.\n", id); /* only one thread at a time can execute this printf */

omp_unset_lock(&Ick);

while (! omp_test_lock(&Ick)) {
skip(id); /* we do not yet have the lock, so we must do something else*/

}

work(id); /* we now have the lock and can do the work */

omp_unset_lock(&Ick);
}
omp_destroy_lock(&Ick);
return 0;

}

12 oxTsa6ps
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#include <omp.h>
typedef struct {
int a,b;
omp_lock_t Ick;
} pair;
void incr_a(pair *p, int a)
{
p->a += a;
}
void incr_b(pair *p, int b)
{
omp_set_lock(&p->Ick);
p->b += b;
omp_unset_lock(&p->Ick);
}
void incr_pair(pair *p, int a, int b)
{
omp_set_lock(&p->Ick);
incr_a(p, a);
incr_b(p, b);
omp_unset_lock(&p->Ick);

}

12 oxTsa6ps

void incorrect_example(pair *p)

{

#pragma omp parallel sections
{
#pragma omp section
incr_pair(p,1,2);
#pragma omp section
incr_b(p,3);

Deadlock!
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#include <omp.h>

typedef struct {
int a,b;
omp_nest_lock_t Ick;
} pair;
void incr_a(pair *p, int a)
{
p->a += a;
}
void incr_b(pair *p, int b)
{
omp_set_nest_lock(&p->Ick);
p->b += b;
omp_unset_nest_lock(&p->Ick);
}
void incr_pair(pair *p, int a, int b)
{
omp_set_nest_lock(&p->Ick);
incr_a(p, a);
incr_b(p, b);
omp_unset_nest_lock(&p->Ick);
}
12 oxTsa6ps
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void incorrect_example(pair *p)

{

#pragma omp parallel sections
{
#pragma omp section
incr_pair(p,1,2);
#pragma omp section
incr_b(p,3);
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AvpektusBa barrier —

Touka B nporpamme, JoCTnxmMmasd BCEMU HUTAMMU Tpynnbl, B KOTOpOI7I BblINOJTIHEHUE TMPOrpamMmmbl
NPUOCTaHaBIINBAETCA OO0 TEX MNOP NOKa BCE HATU rpyrnnbl HE AOCTUTHYT AJaHHOU TOYKMU U BCE 3adaul,
BbIMOJIHAEMbIE TPYyMNrnon HATEN 6y,D,yT 3aBepLUueHbl.

#pragma omp barrier
[Mo ymonyaHuio GapbepHas CUHXPOHU3aLMS HUTEN BbINOSTHAETCSA:
Uno 3aBepLueHmnto KOHCTpyKumnn parallel;

Unpu Bbixoae 13 KOHCTPYKUUK pacnpenenenust pador (for, single, sections, workshare) , ecnu
He yKasaHa Knaysa nowait.

#pragma omp parallel

{

#pragma omp master

{
int i, size;
scanf("%d",&size);
for (i=0; i<size; i++) {
#pragma omp task
process(i);

}

#pragma omp barrier

}2 OKTSIOps
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AunpekTnBa taskyield—

o

#include <omp.h>
void something_useful ( void );
void something_critical ( void );
void foo (omp_lock_t * lock, int n)
{
inti;
for(i=0;i<n;i++)
#pragma omp task
{
something_useful();
while ( 'lomp_test_lock(lock) ) {
#pragma omp taskyield
}
something_critical();
omp_unset_lock(lock);

}
}

12 oxTsa6ps
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AnpekTnBa taskwait

~#pragma omp taskwait int main () {
int res;
int fibonacci(int n) { #pragma omp parallel

int i, j; {

if (n<2) #pragma omp single
return n; {

else { int n;
#pragma omp task shared(i) scanf("%d",&n);

i=fibonacci (n-1);
#pragma omp task shared(j)
j=fibonacci (n-2);
#pragma omp taskwait
return i+j;
}
}

12 oxTsa6ps

}

#pragma omp task shared(res)
res = fibonacci(n);
}
}

printf ("Finonacci number = %d\n", res);
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AnpekTnBa taskwait

#pragma omp task {} // Task1
#pragma omp task // Task2

{
#pragma omp task {} // Task3

}
#pragma omp task {} // Task4

#pragma omp taskwait

/| TapaHTHUpyeTcAa 4TO B AaHHOM TouKe 3aBepwaTtca Task1 && Task2 && Task4

12 oxTsa6ps
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DOupexTvga taskgroup—

#pragma omp task {} // Task1
#pragma omp taskgroup

{
#pragma omp task // Task2

{
#pragma omp task {} // Task3

}
#pragma omp task {} // Task4

}

/| TapaHTUpyeTcAa 4TO B AaHHOM TouKe 3aBepwaTtca Task2 && Task3 && Task4

12 oxTsa6ps
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